The genetic variation of an agamosporous fern, Pteris cretica L., was examined by enzyme electrophoresis. Five diploid and six triploid clones were distinguished by differences at five polymorphic enzyme loci. Among the triploids, four clones were characterized by two alleles, Bk1 and Pgi2a, which were not found in either the 2x clones or the two other 3x clones.
INTRODUCTION
Agamospory is one type of asexual reproduction in ferns. Walker (1979) estimated ca. 10 per cent of all the leptosporangiate ferns as agamosporous.
In agamosporous ferns, sporophytes produce unreduced spores with same chromosome number as mother sporophytes. Two type of agamospory have been known (Walker, 1979) . In predominant type (Dopp-Manton type), spore initial cells make eight spore mother cells through three-time mitosis. Next mitosis is imperfect. Chromosome doubling takes place, but anaphase separation of halfchromosomes and cleavage of cytoplasm are omitted. Each eight unreduced spore mother cells perform meiosis exceedingly regularly, every chromosome pairing with its sister half, and 32 unreduced spores are produced (Manton, 1950) .
Prothallia from unreduced spores rarely form archegonia, but, in some cases, some antheridia. New sporophyte develops directly from cushion of the prothallium (Kanamori, 1972) . Most of agamosporous ferns adopt this Döpp-Manton type (Walker, 1979) .
Agamosporous progenies are believed to be genetically identical. Gastony and Gottlieb (1985) showed prothallia of agamosporous Pellaea andromedfo1ia express same allozymes as their mother plants. Such asexual organisms have been expected to have less genetic variation than sexual species (Asker, 1984) . In spite of this expectation, some agamosporous ferns are so variable in phenetic characters as to result in taxonomic confusions. Walker (1962) demonstrated in his cross experiment of Pteris that fertilisation of reduced eggs of sexual diploids by unreduced spermatozoids of agamosporous diploid can produce triploids which thereafter reproduce agamosporously. He proposed that a new agamosporous higher polyploid may be derived from hybridization between sexual races and agamosporous lower polyploids. Gastony and Gottlieb (1985) electrophoretically examined agamosporous Pellaea andromedfolia and postulated, with their cytological data, that an agamosporous tetraploid is of hybrid origin between a sexual diploid and an agamosporous triploid. However their enzymatic data did not support this hypothesis. They could not find a reasonable triploid agamosporous parent. On the other hand, Watano and Iwatsuki (1988) showed that an agamosporous tetraploid is of hybrid origin between a sexual diploid and one of three agamosporous triploids in Asplenium unilaterale with unambiguous allozymic evidence. Multiple origins are considered to contribute to increasing the genetic variation in an asexual species (Parker, 1979; Elistrand and Roose, 1985 Pteris cretica L. is an agamosporous complex with cytological and morphological variations, in which Döpp-Manton type was observed (Manton, 1950; Nakato, 1975) . Diploid and triploid agamosporous races were reported in Japan (Walker, 1962; Mitui, 1965; Nakato, 1975 Nakato, , 1989 . Natural hybrids were reported between P. cretica and related sexual species (Nakaike, 1984). Such hybridization may contribute to generating the genetic variation of P. cretica. This agamosporous complex seems to be good material for testing if recurrent hybrid origins increase the genetic variation.
The purposes of this study were to examine the genetic variation of agamosporous P. cretica by enzyme electrophoresis and to elucidate the origins of genetic variation between P. cretica clones. Pteris kidoi Kurata is the only diploid sexual species related to P. cretica known in Japan. Taking the hybrid origins of agamosporous clones into consideration, P. kidoi was also examined electrophoretically.
MATERIALS AND METHODS

Cytological observation
Mitotic observations were performed by the acetoorcein squash method. Root tips were kept in 2 mM 8-hydroxyquinoline at 23°C for 3 h. were resolved in system II. For aconitase (ACN), 6-phosphogluconate dehydrogenase (6PGDH), and malate dehydrogenase (MDH), system III was employed. Electrophoresis was performed at 300 V for 3 h (system I), at 300 V for 3.5 h (system II), and at 100 V for 8 h (system III).
The agarose staining schedules of Soltis et a!. (1985) were adopted for ACN, HK, IDH, MDH, Estimation of reproduction system Spore counting was carried out to determine the reproduction system. Individuals with 32 spores per sporangium were taken to be agamosporous and those with 64 spores sexual (Manton, 1950) . For each individual, more than ten sporangia were examined.
RESULTS
Genetic diversity in agamosporous P. cretica
Of the 44 individuals cytologically examined, 26 individuals were diploid (2n = 58) and the other 18 were triploid (2n = 87). These 44 individuals were examined electrophoretically. Polymorphism was detected for AAT, HK, IDH, LAP, PGI-2, PGM-1, and SKDH, but good resolution could not be obtained in IDH and LAP, which were excluded from further analyses. Individuals showing the same banding pattern for all five enzymes were considered to belong to the same clone.
Among 44 individuals, a total of 11 clones were detected by differences in banding pattern for one or more of these enzymes ( fig. 2) . Five clones were diploid and the other six were triploid.
The five diploid clones were designated 2xA,B,C,D, and E. Of the six triploid clones, four clones had two alleles, Hkd and Pgi2a, which were not found in any of the 2x clones. Based on these data, the 3x clones were divided into two groups; 3x1 group lacks Hk" and Pgi2a and 3xII group has them. The 3x1 group contained two clones, 3xIA and 3xIB, and the 3x11 group included four clones, 3xIIA,B,C, and D.
An Geographical distributions of clones are presented in fig. 3 (2x clones) and fig. 4 (3x1 and 3x11 clones including P. kidoi). 2xA and 2xC are widely distributed in Japan, while 2xB,D, and E are restricted to a few localities. 3xIA is widely distributed, but 3xIB was found only in two localities. 3x11 clones were found in several localities, limited to southwest Japan.
Cytological and electrophoretic analyses of P. kidoi Chromosome counts were made for P. kidoi (2n = 58, 2x), and were in accordance with the previous report of Nakato (1988) . Sporangia of P. kidoi were 64-spored, suggesting that this species is sexual.
Zymograms of P. kidoi are also shown in fig.  2 , and phenotypes of P. kidoi are included in table 3 . Intraspecific polymorphism was detected at AAT. All alleles of P. kidoi were detected in P. cretica . The alleles Hk' and Pgi2a, presented only in 3x11 clones of P. cretica, were also found in P. kidoi .
DISCUSSION
This study demonstrates that P. cretica in Japan includes five diploid and six triploid agamosporous clones. Recurrent origins from sexual diploids is Table 3 a likely hypothesis for the genetic variation among 2x clones. Although sexual diploids were reported from Indonesia (Walker 1962 ), these materials
were not available in this study. The origins of 2x clones are not discussed in this paper. It is hoped that there will be further work done on the diploid sexual race of P. cretica.
Origin of 3x1 clones
All alleles detected in the two 3x1 clones were also found in the 2x clones of P. cretica. There is no evidence that genomes other than those of diploid.
P. cretica clones are included in 3x1 clones. Gastony (1988) indicated the autopolyploid origins of agamosporous tetraploids in Pellaea glabella complex. As in the case of Pellaea, the 3x1 clones in this study may also be of autopolyploid origin. Pgm1a was detected in both 3x1 clones and only in the 2xC clone among the six 2x clones. This may suggest that both 3x1 clones contain a genome identical to that of the 2xC.
Recurrent hybrid origin of 3x11 clones between agamosporous 2x clones and diploid sexual P. kidoi Two alleles, Hkd and Pgi2a, found in the four 3x11 clones were not detected in the 2x clones, but were shared by the related sexual diploid P. kidoi. Moreover all alleles in the 3x11 clones were detected in either the 2x clones of P. cretica or P. kidoi.
Thus it is indicated that 3x11 clones originate through hybridization involving 2x clones and P. kidoi. The geographical distribution of P. kidoi overlaps 2x clones in southwest Japan, so P. kidoi can hybridize with 2x clones in this area. It is pointed out that 3x11 clones were found only in southwest Japan ( fig. 4) . This evidence supports the above hypothesis. It is suggested that some agamosporous ferns are of hybrid origin through the fertilisation of the reduced eggs of a sexual race by the unreduced spermatozoids of an agamosporous race (Walker, 1962; 1979) . It is very likely that agamosporous 3x11 clones originated from fusion of the unreduced spermatozoids of agamosporous 2x clones and the reduced eggs of diploid sexual P. kidoi. Momose (1967) between 2x clones of P. cretica and P. kidoi took place at least three times to produce the agamosporous triploid 3x11 clones. For the 3xIID clone, no reasonable parental diploid clone was found in this study.
Alternative hypothesis is segregation by homoeologous pairing at meiosis (Klekowski, 1973) . It is difficult to explain genotypic differences between 3x11 clones only by segregation. For example, when it is supposed that 3xIIB derived from 3xIIA clone by segregation, additional mutation from Skdh to Skdhb is necessary. It is the case for all combinations of two 3x11 clones but 3xIIC and D. So segregation at meiosis seems a less likely hypothesis for origin genetic variation in 3x11 group. It is necessary to compare prothallia genotypes with their parent genotypes in order to test if segregation happens. However, it is more plausible that recurrent hybridization contributed toward increasing the genetic variation among 3x11 clones in the agamosporous species, P. cretica.
